This study was prompted by the need felt by our surgical colleagues for more accurate localization of the defect in the interventricujlar septum, as a high proportion of children undergoing operation for closure of these defects was noted to have large or multiple defects.
Defects in the interventricular septum occur both in the membranous and muscular parts of the septum, and they may be single or multiple. At surgical closure the approach is dependent on the site of the defect. The approach may be from the right atrium through the tricuspid valve, through the right ventricular wall, through the apex of the left ventricle, or through the aorta and aortic valve (Gerbode et al., I958; Cooley, i959; Garamella et be taken of this shunt by an injection of contrast medium into the left ventricle.
This report evaluates the findings in 63 patients who were investigated by left ventricular cine-angiocardiography (Table i) . 
Clinical features and indications for investigation
The age range of the patients studied varied between 3 weeks and 14 years (see Table 2 ), with one-third being infants (i.e. children less than i year of age). The remainder were older children, investigated before contemplated surgical closure of the ventricular septal defect. All the infants investigated had remained in cardiac failure despite adequate medical treatment, and had failed to thrive. Investigation was therefore undertaken for diagnostic reasons, and also to assess whether, if a ventricular septal defect was present, banding of the pulmonary artery should be considered (Muller and Dammann, I952; Stark et al., i969) . In this age-group access to the left ventricle was gained progradely through the mitral valve from the left atrium, when the atrial septum was patent. No arteriotomy was carried out in infancy specifically for left ventricular cine-angiocardiography.
In all the children investigated by left ventricular cine-angiocardiography the study was made before the anticipated surgical closure of the septal defects. The children studied in this way had a left-to-right shunt producing a pulmonary flow greater than twice that in the systemic circulation, apart from those patients who had had banding of the pulmonary artery carried out in infancy. One patient with transposition of the great arteries is included in this series. Whenever possible the left ventricle was catheterized through the mitral valve, the left atrium being entered by crossing the atrial septum, but in some instances (33 cases) it was necessary to carry out a femoral arteriotomy.
Technique
In all 63 patients left ventricular cine-angiocardiography was carried out as part of the investigation, immediately after the haemodynamic study, which was performed with the patient sedated, and usually sleeping quietly. In all instances angiography was performed with the patient anaesthetized; this has been found to be the safest and most satisfactory procedure for young patients at this hospital.
Where possible the catheter was introduced through the mitral valve into the left ventricle, when the atrial septum was patent' (30 patients).
1 Patent foramen ovale or atrial septal defect.
When the atrial septum was not crossed the catheter was passed into the left ventricle through the aortic valve from a femoral arteriotomy (33 cases). The only occasional complication noted after femoral arteriotomy has been absent pulsation of the femoral and distal arteries. When absent pulsation persisted for more than I2 hours the arteriotomy site was explored by our surgical colleagues, and balloon catheters passed into the artery both proximally and distally (Lincoln and Deverall, I969) . All patients in whom femoral arteriotomy was carried out had normal arterial pulses at the time of discharge from hospital.
The contrast medium used in all cases was 'Conray '480", a dose of I 5 ml./kg. being injected at such a pressure as to introduce all the medium into the left ventricle within approximately one second. When possible a cine film speed of 80 frames/sec. was used, but owing to technical problems a slower film (40-64 frames/ sec.) speed had to be used for some cases.
The positioning of the patient in relation to the x-ray beam is important, and it was found that a standard position could not be used. The plane of the interventricular septum could be seen in profile when viewed in the left anterior oblique projection in patients with normal right ventricular pressures. However, with right ventricular enlargement, associated with increased right ventricular pressure and an increased pulmonary blood flow,the planeofthe interventricular septum lay more towards the coronal plane: for the septum then to be projected in profile the patient had to be turned further towards the true lateral position.
The plane of the interventricular septum may be judged by assessing the degree of right ventricular enlargement from the relative blood flow calculations and right ventricular pressure. Final assessment is made by careful observation of the appearances after the injection of a few millilitres of contrast medium when checking that the catheter tip lies free within the ventricular cavity. This was recorded on videotape, and immediately replayed several times.
A profile view of the interventricular septum was essential in order that contrast medium lying between the right ventricular trabeculae could be distinguished from small defects in the septum. The patient had to be rotated sufficiently to ensure that the descending aortic shadow was not superimposed on the interventricular septum. Failure to turn the patient sufficiently to allow a profile view of the septum can make it impossible to assess multiplicity of the septal defects. In two patients not included in this series the septum was not seen in profile and the defects in the septum could not be localized or enumerated precisely.
Results and interpretation
The diagnosis of a ventricular septal defect was confirmed when contrast medium passed anteriorly from the left ventricle into the right ventricle with subsequent opacification of the group.bmj.com on June 20, 2017 -Published by http://heart.bmj.com/ Downloaded from pulmonary artery. Commonly there was a single defect in the interventricular septum (54 patients). Multiple defects were seen in nine patients. The term 'multiple' denoted those instances in which contrast medium appeared to pass through the septum at more than one site.
The classification used for the location of the interventricular septal defect was: (i) high, where contrast medium passed anteriorly just below the semilunar valves (Fig. i); (ii) mid, where contrast medium passed anteriorly midway down the septum (Fig. 2) 
